During the spring and summer of 1916 when the Department buildings and grounds were not yet available, a small piece of land on the campus of Princeton University was put at our disposal by the University authorities. On this land the experiments to be described were carried out. Although they are incomplete on account of restricted facilities, it seems desirable to publish them now, rather than wait another year, in order to stimulate others to utilize the more positive features of the work and thereby save a year in testing the final practicability of the suggestions made.
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To obtain animals free from infection, for experimental purposes, it was necessary to rear them, as was done in 1913 and 1914, in the incubator and brooder) To test again at the same time the presence or absence of the parasite of blackhead in eggs, these were obtained from three different farms on all of which the disease had prevailed during the preceding season, if we are to accept mortality as an indicator. The positive demonstration of blackhead on two of the farms was made by autopsies in the course of the season.
Since the artificial incubation and brooding of turkeys is not practised at the present time, a few details of the procedure as actually followed may not be amiss, although some of these details have been referred to in an earlier paper) Just how far the precautions exercised will be necessary in practice must be worked out later. In the work before us, the main task was to obtain a lot of healthy animals. Any failure meant the postponement of further work for a wholeyear.
i Smith, T., J. Med. Research, 1915, xxxiii, 243. 405 After collection, the eggs were kept in a cool place and turned once a day. For transportat'on to Princeton, they.were wrapped in cotton-wool, boxed, and carried in the hand. No time was lost in starting incubation. As a preliminary precaution, they were washed and gently scrubbed with warm water, dipped in warm 0.5 per cent mercuric chloride for 30 seconds, then washed in warm boiled water, and dried with sterilized towels. When placed in the incubator, April 21, 1 egg was 11 days old, 10 were 6 days old, 11 were 5 days old, 7 were 4 days old, 9 were 3 days old, 3 were 2 days old, and 1 was 1 day old. 1 was found cracked later on and rejected, leaving 41 eggs in all.
The incubator used was an ordinary one with a capacity of 144 eggs. The kerosene lamp was replaced by a Bunsen burner. Three shallow pans were supported on rods in the bottom of the egg chamber and in these water was kept throughout the period of incubation. Moisture was not supplied in any other way. The eggs were turned twice a day but were not otherwise handled. All the turkeys hatched on May 18 in the course of 24 hours.
From Source A, 24 eggs were incubated, 22 hatched. The remaining 2 eggs contained full grown embryos.
From Source B, 5 eggs were incubated, 2 hatched, 1 failed, and 2 were sterile.
From Source C, 12 eggs were incubated, 6 were sterile, 3 hatched. 2 had full grown embryos and 1 a partly macerated small embryo.
The results would perhaps have been better under other than improvised surroundings. The incubator temperature rose to 107 ° F. during the night of the 1st and 2nd day, and it was feared that the embryos had been destroyed. On the whole, the output was as large as could be handled under the circumstances.
During the 1st week four poults with weak legs were killed because they were unable to feed themselves properly. There were thus left twenty-three vigorous poults from forty-one eggs. On May 19, they were moved about a mile and placed in a brooder on a house porch, protected against rain, where they could be closely watched and properly fed. On June 1, brood and brooder were again carried some distance to an open, wire-screened shelter about 9 feet by 12 feet with a sloping canvas top to keep the rain off. This shelter was placed on a lawn directly behind the laboratory building (Guyot Hall of Princeton University) where the Department was housed during the year. The southern exposure and proximity to the buildings made the shelter at times extremely hot during the summer. Rain was not entirely excluded since the screened sides were not protected. The position of the shelter was, however, such that it was protected from driving rains. On June 17, 30 days after the hatching, the brooder was removed from the shelter and from that "time on the turkeys spent the day in a yard staked out with poultry wire which was occasionally shifted. The yard covered, roughly speaking, about one-eighth of an acre. Sparrows and song birds visited the grounds daily. During the night and on rainy days the turkeys were locked in the shelter.
Up to July 3, 46 days after hatching, the twenty-three turkeys had not had any illness. They were all vigorous and without visible deformities.
So far, the result of the work was clear. Twenty-three turkeys were carried along for more than 6 weeks without death or disease. This confirms on a larger scale the work done previously. It shows that healthy turkeys may be raised from the eggs of infected flocks when all older turkeys and poultry are kept away and the ground has not been used before. There is thus no evidence favoring the theory that the protozoan parasite can be transmitted in the egg. The experiment also shows that young turkeys are more resistant than is usually assumed. This flock was handled and moved about considerably and was not kept in a closed shelter at night after the 1st month. The want of resistance exhibited by young turkeys must, at least in part, be ascribed to latent infection waiting on some depression of vitality for multiplication in the tissues. In this resistance the food probably plays a considerable but as yet unmeasured part. As there was no latent infection or an infected environment to be dealt with, the food actually given and to be described may not be satisfactory in the presence of infectiou. It should, therefore, be understood that no claim is made for the food or treatment in warding off disease, as there was none to guard against. It was, however, necessary to provide the best food available to counteract the influences of confinement.
The poults were fed about four times a day during the 1st month. During the first 3 days in the brooder, they received bread, scalded milk, boiled egg, and some lettuce. Thereafter they were fed with a mixture prepared and sterilized in glass jars and made up as follows: 500 gm. of chick feed and 1,000 cc. of milk plus 5 eggs, mixed thoroughly after heating in a double boiler, and then autoclaved. In addition they received sour milk and lettuce. On warm days they were allowed to move about on the lawn and obtain some grass. The food mixture was changed from time to time both in amount and composition, by replacing an increasing amount of cooked food with raw chick feed, until a relatively small per cent of the food was cooked. Later, coarser grain was substituted. The sour milk was continued during the summer and fall.
Exposure to Domestic Fowls.
The statement has been made from time to time that the parasite of this disease may be carried and disseminated by poultry. No conclusive experiments for or against ttiis supposition have been made. Nor is it likely that any one, or even several tests can decide the question. It is conceivable that fowls in one geographical section or fowls of a given breed may act as agents. The writer's experience in 1910,1 when incubator turkeys kept near a poultry yard died of blackhead, made a test of this possible source of infection seem most urgent.
On July 3, four incubator turkeys were segregated in a second enclosure for an experiment to be described later. On July 14, when the remaining nineteen turkeys were 57 days old, they were divided into two lots of nine and ten respectively. The screened shelter was divided into two sections by a partition. Two doors led to two different yards, separated by a lane at least 5 feet vClde.
Two yearling hens (White Leghorn), from a farm having no turkeys, were penned with one lot of nine turkeys from July 14 until August 14--a period of 31 days--when the experiment was dosed. None of the turkeys showed any indications of disease during this period or at the end of the experiment. It is probable that certain nematodes (Heterakis) found in the ceca of several turkeys later on came from the po.ultry.
Two yearling hens were penned with the second group of ten turkeys from July 17 to August 14, a period of 28 days. No disease or minor ailment appeared among the turkeys during this time. The hens used came from a farm on which only 8 turkeys survived out of a lot d 57. The hens, of which there were about a hundred, had been with the turkeys until 2 weeks before the test.
The negative outcome of these experiments does not, of course, prove that poultry does not transmit the protozoa of blackhead. It is, however, distinctly encouraging from the practical standpoint. Experiments similar to this should be made in different sections and with different breeds of fowls upon incubator turkeys.
Exposure to an Infected Adult Turkey on Non-Infected Ground.
On August 14, the nineteen turkeys which had passed through the exposure to poultry and remained well were divided into three lots. Two of these were sent to Farms A and C on which blackhead had prevailed during the season, in order to test their susceptibility at this time. A third lot of nine was kept in the original enclosure and an infected turkey-hen (No. 120) penned with them. This hen had been raised on Farm B in 1915. In 1916, she hatched and brooded nine poults among which there were deaths from blackhead when the poults were 19, 33, 34, 35, and 37 days old, respectively. She had not been in contact with young turkeys since July 3. Before placing her with the incubator turkeys, the feet were thoroughly scrubbed to remove all attached soil.
Within 17 days there were signs of disease in the enclosure. One (No. 137) died of blackhead on September 9, 26 days after beginning of exposure. No. 139 was very ill on September 12 and chloroformed. Pronounced lesions of the liver and ceca were found. On September 15, No. 132 was very ill and chloroformed. Nos. 140 and 141 which were ill for a week, beginning August 31, recovered and are still alive and of normal size.
Exposure to an adult turkey-hen thus led to disease within 17 days. Three died, two recovered, and four did not show any disturbauce of health.
Exposure to Infected Adults on Infected Ground.
Six incttbator turkeys were sent to Farm C, on August 14, to be placed on infected ground and come in contact with adult turkeys. Of these, one died on August 29, one on August 31, and one on September 1. Three survived but no information is at hand whether they were manifestly ill at any time.
Four incubator turkeys were exposed to a similar environment on Farm A, beginning August 14. One died on August 28, one on A~mst 30, and one on September 3. One survived.
In all cases the dead birds were sent to the laboratory and the diagnosis of blackhead was confirmed by autopsy and microscopic examination of fixed and hardened tissue.
Exposure to Infected Young Turkeys.
On July 3, when the incubator turkeys were 46 days old, four were taken from the main flock to be penned with young infected birds.
In order to do this it became necessary to stake out a second enclosure or yard. It was separated from the first enclosure by a lane about 15 feet wide. A brooder was placed in it to afford shelter at night and during storms. The openings were enlarged and covered with wire netting to keep rats and other vermin out.
From a small brood on Farm B in which blackhead had appeared, two young turkeys (Nos. 154 and 155) were placed with the four incubator turkeys into the enclosure on virgin soil. On July 7, three young turkeys (Nos. 167,168, and 169) from another brood on Farm B, in which blackhead prevailed, were placed into the same enclosure. On July 11, No. 168, being very feeble, was killed. The wall of one cecum was locally thickened but there was no necrosis or exudation into the lumen. Sections showed subsequently that the thickening was due to the parasite of blackhead. On August 14, 38 days after the poults had been penned together, No. 169 appeared droopy, and was chloroformed. The wails of one cecum over the distal half were greatly thickened but there was no exudate. The liver was permeated with yellowish loci from 2 to 6 ram. in diameter. Sections of the liver and ceca showed the usual picture of this disease.
On this day (August 14) the experiment was closed because the shelter was becoming too small and conditions were unsatisfactory. There were remaining at this time the three originally exposed birds, Nos. 154,155, and 167, all apparently well, and four incubator turkeys, all of which had remained well to date. Of this latter group one was killed the following day. No traces of disease could be found.
This enclosure had thus harbored two diseased turkeys, one for 4 (No. 168), the other for 38 days (No. 169). It is impossible to state when the latter became actively diseased.
Unless our turkeys were naturally immune---an assumption disproved by experiments detailed a b o v e --t h e experiment shows t h a t a p r o m p t transfer of infection from the diseased young stock did not occur, in spite of the fact t h a t these birds were housed in the confined space of a small brooder every night and associated in the enclosure during the day. This result is in h a r m o n y with the experiments of 1914.1 Eleven incubator turkeys were at t h a t time k e p t with eight acutely diseased turkeys in a small shelter at night and in the same open enclosure b y day. Only one became acutely diseased and died.
T h e ultimate fate of this lot of turkeys is of no significance. Owing to the necessity for closing this experiment on account of inadequate shelter and grounds, the surviving turkeys were m o v e d to grounds on F a r m B which had been cleared of turkeys early in July. Several died of blackhead here. It again became necessary to move the remainder and they were placed with those exposed to the adult hen already referred to. Only one survived and is now in fine condition.
DISCUSSION.
Before drawing any conclusions based on this season's field experiments, it will be necessary to point out several weak points. To make the exposure tests more conclusive, a certain number of incubator turkeys should have been kept as controls throughout the • summer. The turkeys exposed to the hens should have been kept the rest of the season and not used in any subsequent tests. It was, however, impossible to provide the necessary shelters and runs.
To meet the first criticism on the absence of controls, it may be stated that this disease does not have a long period of incubation. A large percentage of poults die between the end of the 2nd and 3rd weeks of life. Thus during the present season, the first death among the brood of one hen on Farm B occurred in 18 days, among the brood of the second hen in 23 days.
The fact that all the incubator turkeys remained well throughout the time of association with hens and became diseased as late as 2 weeks after the exposure to actual infection had begun does not make the assumption that they had acquired disease from the hens probable. If they did contract the disease from them it required over 6 weeks from the beginning of the exposure to bring it out. Table I gives the details of the two experiments. More of the turkeys that had been exposed to hens not in previous contact with diseased turkeys died than of the other lot. A superficial study might give the impression that the second lot had obtained an immunizing dose from the hens previously exposed to blackhead, for six out of nine of the first lot and but three out of ten of the second lot became openly diseased. The difference is, however, due to the fact that the mortality of the turkeys penned with Turkey-hen 120 was only one-third. This low percentage may be ascribed to the relatively diluted infection due to one bird on virgin soil as compared with that existing on farms where the soil may be infected and where there are several adults. It seems, therefore, pending further field tests on a larger territory, that the following facts are fairly well established by the above experiments.
1. Healthy turkeys may be raised in an incubator from eggs of infected birds. In the above experiments all remained well to August 14, the end of the hen exposure test, when they were 12 weeks and 4 days old. The first death occurred 2 weeks after the beginning of exposure to actual disease, when they were more than 14 weeks old.
2. Hens from a blackhead farm and from a farm free from turkeys did not convey the disease to the incubator turkeys on uninfected land.
3. The infection is either not transmitted at all or only under exceptional conditions by turkeys in the early acute stage. It is probably carried and shed by those birds which have successfully passed through an attack.
Any definite statement concerning the mode of transmission of the infection cannot be made. The vehicle is unknown. The nature of the disease makes it probable, however, that it is introduced with the food, that it lodges first in one or both ceca, and that fecal matter is the vehicle.
During the entire season, portions of the small intestines of all the turkeys that died or were killed were sectioned and examined both with reference to the possible presence of coccidia and of any preliminary stage of Ameba mdeagridis. Sections were studied from the upper (duodenum), middle, and lower portions. A few coccidia cysts were found in two turkeys and are referred to more in detail elsewhere.* In a third turkey an intracellular parasite was seen which is very minute and which differs from those usually met with in birds. It is tentatively placed with the coccidia. It was not seen in any other case although searched for to obtain more material for study. It may be that we have an aberrant parasite to deal with which comes from the insects eaten and obtains lodgment in rare cases only. The existence of any earlier stages of the blackhead parasites in the small intestine whence they move down into the ceca is contradicted by the focal lesions found in the ceca and by the fact that in many cases only one cecum is attacked and this only in a single, restricted area. If the parasites multiply higher up we should expect both ceca to become infected.
There is some evidence pointing to a greater resistance of older birds than is usually presented by young turkeys. Thus, the total mortality (including those chloroformed while sick) following exposure on the infected farms and to the yearling turkey-hens was nine out of nineteen exposed, or a trifle less than 50 per cent. This figure is usually exceeded among those exposed immediately after hatching. The surviving turkeys are still well at the present time (January 1917) .
The other kind of evidence is derived from the histological examination of the lesions in the liver and ceca. In these organs the process was rather early associated with extensive infiltration of roundish cells, while the tendency to necrosis was relatively slight. The lesions of the walls of the ceca were characterized by a marked thickening of the wall with little or no necrosis and exudation of fibrin.
In repeating tests of this kind it will be well for the experimenter to bear in mind that they are no longer laboratory experiments but conform to natural occurrences. The infection is not isolated in pure culture but is associated in the body of the carrier with unknown factors, both normal and pathological. The virus, if such it may be called, may be mixed with different injurious agents in different localities. It may be favored by various protozoan or higher parasites accidentally present, and by digestive disturbances due to improper feeding.
To utilize animals infected in the natural way as a source of virus, is to put the experiments into nature's hands as far as possible without losing control of the main conditions. Such experiments cannot, therefore, be completely reproduced at will as is possible in the laboratory with pure cultures, and the results may vary from place to place. They are practical rather than scientific tests in the sense that the practical test may involve unknown factors largely eliminated in the scientific or laboratory test.
